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Abstract of JP 2000046797 (A) 

PROBLEM TO BE SOLVED: To feed a liquid stably by providing a coating film of a hydrophobic 
polymer to a part other than a part which becomes a fluid channel on a hydrophiiic surface of a base 
having a contact angle to water of a specific value or smaller, SOLUTION: This device includes a base 
having a hydrophiiic surface of a contact angle to water of 45 deg. or smaller and a film of a 
hydrophobic polymer (B) at a part other than a part which becomes a fluid channel on the hydrophiiic 
surface of the base. The base has an undercoat of a hydrophobic polymer (A) and the hydrophiiic 
surface of the contact angle to water of 45 deg. or smaller at a front face of the undercoat The coat of 
the hydrophobic polymer (B) has 65 deg, or larger contact angle to water; The hydrophobic polymer 
(B) is a cured substance of a compound set with an energy beam and having a crosslinking polymer, 
an acryloii or mateimide group. The hydrophiiic surface is selected from a carboxyi group, a phosphoric 
acid group and a quaternary ammonium salt group. A breadth of a liquid channel is 1-3000 &mu m and 
a depth is 1-1000 &mu nr 
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(54) LIQUID FEED DEVICE AND ITS MANUFACTURE 

(57)Abstract 

PROBLEM TO BE SOLVED: To feed a liquid stably by providing a coating film of a hydrophobic 
polymer to a part other than a part which becomes a fluid channel on a hydrophilic surface of a 
base having a contact angle to water of a specific value or smaller 

SOLUTION: This device includes a base having a hydrophilic surface of a contact angle to water 
of 45° or smaller and a film of a hydrophobic polymer (B) at a part other than a part which 
becomes a fluid channel on the hydrophilic surface of the base. The base has an undercoat of a 
hydrophobic polymer (A) and the hydrophilic surface of the contact angle to water of 45° or 
smaller at a front face of the undercoaL The coat of the hydrophobic poiymer (B) has 65° or 
larger contact angle to water The hydrophobic polymer (B) is a cured substance of a compound 
set with an energy beam and having a crosslinking polymer, an acryloil or maleimide group. The 
hydrophilic surface is selected from a carboxyl group, a phosphoric acid group and a quaternary 
ammonium salt group. A breadth of a liquid channel is 1-3000 fi m and a depth is 1-1000 fj nrr. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A liquid-sending device comprising: 

A substrate (S) with which an angle of contact with water has a hydrophilic surface of 45 
degrees or less. 

A coat which becomes portions other than a portion used as a liquid passage on a hydrophilic 
surface of this substrate (S) from a hydrophobic polymer (B). 

[Claim 2]The liquid-sending device according to claim 1 which is a thing characterized by 
comprising the following. 

A ground in which a substrate (S) comprises a hydrophobic polymer (A). 

To the surface, an angle of contact with water is a hydrophilic surface of 45 degrees or less. 

[Claim 3]The liquid-sending device according to claim 1 or 2 whose angle of contact with water a 
coat which consists of hydrophobic polymers (B) is 65 degrees or more. 

[Claim 4]The liquid-sending device according to claim 1, 2, or 3 whose hydrophobic pofymer (B) 
is crosslinked polymer. 

[Claim 5]The liquid-sending device according to claim 4 which is a hardened material in which a 
hydrophobic pofymer (B) consists of an energy-line hardenability compound which has an acrylyl 
group. 

[Claim 6]The liquid-sending device according to claim 4 which is a hardened material in which a 
hydrophobic polymer (B) consists of an energy-line hardenability compound which has a 
maleimide group. 

[Claim 7] A liquid-sending device given in any 1 paragraph of claims 1-7 which are what has one 
or more sorts of bases chosen from a group to which a hydrophilic surface changes from a 
carboxyl group, a phosphate group, a sulfonic group, and a quarternary-ammonium-salt group. 
[Claim 8]A liquid-sending device given in any 1 paragraph of claims 1-7 which have a liquid 
passage in a 1-3000-micrometer-wide range, and have it in a 1-1000-micrometer-deep range. 
[Claim 9] A liquid-sending device given in any 1 paragraph of claims 1-8 which provided an 
electrode in both ends of a liquid passage, respectively, 

[Claim 10]An angle of contact with water on the surface of a substrate (S) which has a 
hydrophilic surface of 45 degrees or less. Energy-line hardenability constituent (I) containing an 
energy-line hardenability compound (b) which turns into a hydrophobic hardened material by 
energy-line exposure is applied to a 1-1 OOO-micrometer-thick range, A manufacturing method of 
a liquid-sending device removing unhardened energy-line hardenability constituent (I), and 
forming a grooved liquid passage after irradiating portions other than a portion with a width 
[ used as a liquid passage ] of 1-3000 micrometers with an energy line and stiffening energy-line 
hardenability constituent (I). 

[Claim 11]A manufacturing method of the liquid-sending device according to claim 10 which is an 
energy-line hardenability compound in which an energy-line hardenability compound (b) has an 
acrylyl group or a maleimide group. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]this invention is minute — the object for reaction apparatus (micro 
reactor); accumulation type DNA analysis apparatus; minute electrophoresis apparatus; minute 
chromatography; medical inspections. It is related with the fluid transportation device for 
transporting fluids, such as a reaction stock solution, a diluent a resultant solution, an inspection 
undiluted solution, buffer solution, and a developing solution, to the target part in more detail 
about a fluid transportation device useful as a component of the biosensors the object for 
biochemistry, the object for environmental analysis, for bionics, etc., etc 
[0002] 

[Description of the Prior Art] A slot is formed in the substrate made from plastics, such as 
silicon, quartz, glass, or polymethylmethacrylate, with an etching method, Making this into a liquid 
passage is known (for example, Analytical Chemistry, such as R em McCormick, 1 997, the 69th 
volume, 2626 pages). 
[0003] 

[Problem(s) to be Solved by the Invention]When, as for the method of forming a thin slot in a 
substrate and making this a liquid passage, the substrate comprised mineral matter, such as 
silicon and glass, formation of the slot was restricted to the etching method with low 
productivity, and, moreover, the fluid tended to flow into portions other than a slot when using it. 
Generally the substrate made from a plastic in which injection molding with sufficient 
productivity is possible was hydrophobicity, and in the case of the solution containing especially 
a salt it was so difficult [ it ] to be stabilized and to pass the inside of a slot that it tends to 
become a drop with the cohesive force and liquid passage width became narrow. When 
hydrophilic polymer was used as a substrate, the inconvenience of a fluid flowing into portions 
other than a slot it being eluted in the solution which the constituent of hydrophilic polymer 
should send, or hydrophilic polymer swelling had arisen. 

[0004]Although what is necessary is just to have carried out hydrophilization treatment only of 
the inside of the slot used as a liquid passage in order to have solved such a problem, it was 
fairly difficult to carry out hydrophilization treatment only of the inside of a thin slot [0005]The 
issue which this invention tends to solve, without the fluid to convey side~**(ing), When 
productivity is high, can manufacture cheaply and sends the liquid by electric drive further 
farther again, without eluting a substrate ingredient into a fluid, without not becoming a drop, but 
being stabilized, and being able to convey and a substrate swelling, it is in providing the liquid- 
sending device whose transporting speed is conventionally higher than elegance 
[0006] 

[Means for Solving the Probfem]As a result of examining how to solve an aforementioned 
problem wholeheartedly, by making the bottom of a grooved liquid passage into high hydrophilic 
nature, this invention persons find out that liquid sending stable even if the side of this channel 
was hydrophobicity is possible, and came to complete this invention, 

[0007]Namely, a liquid-sending device which is characterized by comprising the following in order 
that this invention may solve an aforementioned problem. 



(I) A substrate (S) with which an angle of contact with water has a hydrophilic surface of 45 
degrees or less. 

A coat which becomes portions other than a portion used as a liquid passage on a hydrophilic 
surface of this substrate (S) from hydrophilic polymer (B). 

[0008]In order that this invention may solve an aforementioned problem, an angle of contact with 

(II) water on the surface of a substrate (S) which has a hydrophilic surface of 45 degrees or less. 
Energy-line hardenability constftuent (I) containing an energy-line hardenabilfty compound (b) 
which turns into a hydrophobic hardened material by energy-line exposure is applied to a 1- 
1000-micrometer-thick range, Portions other than a portion with a width [ used as a liquid 
passage ] of 1-3000 micrometers are irradiated with an energy line. After stiffening energy-line 
hardenability constituent (I) and stiffening unhardened energy-line hardenability constituent (I), 
unhardened energy-line hardenability constituent (I) is excepted, and a manufacturing method of 
a liquid-sending device which consists of forming a grooved liquid passage is provided 

[0009] 

[Embodiment of the InventionjThe liquid-sending device of this invention has a coat which 
becomes portions other than the portion from which an angle of contact with water should serve 
as a liquid passage on the hydrophilic surface of the substrate (S) which has a hydrophilic 
surface of 45 degrees or less, and this substrate (S) from a hydrophobic polymer (B). 
[0010]The liquid-sending device of this invention is preferred as a small device, the width of the 
liquid passage has the preferred range of 1-3000 micrometers, especially its range that is 10- 
1000 micrometers is preferred, and its range which is 30-500 micrometers is the most preferred. 
A use top is difficult for the channel where the width of the liquid passage of a liquid-sending 
device is narrower than 1 micrometer in respect of evaporation of a fluid, etc., and since the 
effect of this invention tends to become small, the channel where the width of the liquid passage 
of a liquid-sending device is wider than 3000 micrometers is not preferred. The depth of the 
liquid passage of the liquid-sending device of this invention has the preferred range of 1-3000 
micrometers, especially its range that is 10-1000 micrometers is preferred, and its range which 
is 30-500 micrometers is the most preferred. A use top is difficult for the channel where the 
depth of the liquid passage of a liquid-sending device is shallower than 1 micrometer in respect 
of evaporation of a fluid, etc. t and since the effect of this invention tends to become small, the 
channel where the depth of the liquid passage of a liquid-sending device is deeper than 3000 
micrometers is not preferred. The range of 0.3-5 has preferred width to the depth 1, and the 
width and the depth ratio of a liquid passage of this invention have still more preferred ****** of 
0.7-2. [ of a liquid-sending device ] 

[001 1]The length of the liquid passage in the liquid—sending device of this invention is arbitrary, 
and a use and purpose can determine it. Of course, the liquid passage does not need to be a 
straight line and may be arbitrary shape. It can connect with a liquid passage, and can also form 
with other function parts and the structure as the liquid passage in this invention where fluid 
attaching parts, such as eye a liquid pool and a reaction vessel, are the same for example, and an 
inlet a tap hole, an electrophoresis column, an electrode, etc. may be formed. 
[001 2]Although the transportation method in particular of the fluid in the liquid-sending device of 
this invention is not limited, as the driving force, gravitational potential, a centrifugal force, 
cohesive force, surface tension, an electric field, a magnetic field, vibration, an ultrasonic wave, 
etc. are mentioned. In using an electric field as driving force of transportation of a fluid, it 
provides an electrode in the both ends of a liquid passage. The electrode can form conductive 
substances, such as carbon, metal, and a conductive polymer, by arbitrary methods, such as 
vacuum deposition, sputtering, printing, spreading, adhesion, sticking by pressure, and a screw 
stop. 

[0013]Although the shape in particular of a substrate (S) is not limited but the shape according 
to a use and purpose can be taken, For example, although it may be the molding of film state (a 
sheet shaped is included), tabular, the shape of a coat, the shape of SUCHIKKU, and tubular, 
cylindrical shape, in addition complicated shape, etc., it is preferred that it is the film state or the 
shape of a coat from a field of the ease of fabricating. A substrate may be the gestalt united 



with another base material. The raw materia! of the base material in this case may be arbitrary, 
for example, it may be polymer, glass, ceramics, metal, a semiconductor, etc., and that shape may 
be a film (sheet), a board, a stick, paper, cloth, a nonwoven fabric, an iruection molding article, 
etc. When a substrate (S) is a coatHike, it is used in the state where it united with the base 
material. After forming two or more liquid passages on one substrate, it can cut and can also be 
considered as two or more devices. 

[0014]As for a substrate (S), an angle of contact ("an angle of contact with water" may be 
hereafter called a "water contact angle") with water has the surface of the hydrophilic nature of 
20 degrees or less most preferably 30 degrees or less 45 degrees or less. It can stabilize and 
pass, without a fluid breaking off in a liquid passage so that a water contact angle is low. 
Therefore, a water contact angle may be 0 times. The angle of contact said by this invention 
says an angle of repose. The substrate (S) may not have a water contact angle of the other 
portion, for example, a ground, and a rear face in this range, as long as the water contact angle 
of the surface which forms a liquid passage is 45 degrees or less. That is, a substrate (S) may be 
the thing which carried out hydrophilization treatment of the surface of the molded product 
which comprised a hydrophobic material, for example. Although arbitrary things, such as polymer, 
glass, quartz, ceramics, and metal silicon, can be used for a substrate (S), since moldability is 
highly improved by productivity, it is preferred that it is polymer. 

[0015]When it constitutes a substrate (S) from polymer, it is preferred that a water contact 
angle consists of hydrophobic polymer (A) exceeding 45 degrees, and carries out hydrophilization 
treatment of the base material surface. The water contact angle of the molded product exceeds 
45 degrees, as for polymer (A), it is preferred that a water contact angle is 65 degrees or more, 
and it is still more preferred that it is 75 degrees or more. Since a fluid side-** from a liquid 
passage or a substrate (S) is in swelling or the tendency which the inconvenience of carrying out 
a dimensional change tends to produce when polymer with a low water contact angle is used as 
polymer which constitutes a substrate (S), it is not desirable, 

[0016]The water contact angle of polymer (A) is the measured value in a molded product smooth 
in the surface, and, as for this molded product, it is preferred that it is what is depended on melt 
molding. By the film formed by the solvent cast method and the polymerization on site, although 
the thing in which meft molding is impossible has the good surface also as a smooth molded 
product, let it be the value measured on the surface of the side in contact with a gas in this 
case. 

[0017]As polymer (A), for example Polystyrene, high impact polystyrene, Styrene system polymer 
like Polly alpha-methylstyrene, polystyrene / maleic acid copolymer, and 

polystyrene/acrylonitrile copolymer; PORUSURUHON, Polysulfone system polymer like polyether 
sulphone; Polymethylmethacrylate, poly (meta-) acrylate system polymer; like polyacrylonitrile — 
polymaleimide system polymer; — polycarbonate system polymer; — cellulose acetate, cellulose 
type polymer; like methyl cellulose — polyurethane system polymer; — VCM/PVC. chlorine 
content polymer; like a vinylidene chloride — polyamide system polymer; — polyimide system 
polymer; — polyethylene. Polyolefin system polymer like polypropylene; polyester system 
polymer like polyphenyiene oxide, the polyether system like a polyphenylene sulfide or poly 
thioether series polymer; polyethylene terephthalate, and polyarylate, etc. are mentioned. Of 
course, polymer (A) may be a copolymer besides a homopolymer. Although polymer (A) may be 
thermoplastic polymer or it may be thermosetting polymer, the cross linked polymer of a 
photoresist with quick thermoplastic polymer from the field of productivity or cure rate is 
preferred. 

[0018]The substrate (S) may comprise a polymer blend and a polymer alloy, and may be a 
layered product Additive agents, such as a modifier, colorant and an inorganic substance, may 
be mixed into the substrate (SX By adding a repellent as a modifier to a substrate (S), a water 
contact angle can also consider it as polymer which is less than 60 degrees. 
[0019]As a modifier which can be added to a substrate (S), a silicone oil, fluoride substitution 
hydrocarbon, fluororesin powder, etc. which function as a hydrophobing agent (water repellent) 
are mentioned, for example. 

[00 20] Arbitrary colors and paints, and a fluorochrome are mentioned as colorant which can be 



added to a substrate (SX 

[0021] As an inorganic substance which can be added to a substrate (S), day, calcium sulfate, 
calcium carbonate, etc. are mentioned, for example, 

[0022]The water contact angle of the surface of the substrate (S) used by this invention is a 
thi ng of 45 degrees or less. When the water contact angle comprises a hydrophobic raw material 
of 45 degrees or more, for example, hydrophobic polymer, (AX hydrophilization treatment of the 
surface needs to be carried out. 10 micrometers or less of thickness of the layer by which 
hydrophilization treatment was carried out are that of an ultra-thin potato of 1 micrometer or 
less preferably. That is, at the time of use of a liquid-sending device, a fluid is not in a porous 
layer or a gel layer, and flows on the surface of a hydrophilic layer. 

[0023]The hydrophilization method is arbitrary. Although the methods of taking also with the raw 
material which constitutes a substrate (S) differ, plasma treatment a plasma polymerization, 
corona discharge treatment sulfonation treatment the surface ornamentation by a hydrophilic 
compound, the graft polymerization of the hydrophilic compound to the surface, coating of 
hydrophilic polymer, etc. are mentioned, for example. The hydrophilization treatment on the 
surface of a substrate (S) may be the physical hydrophilization method make detailed 
unevenness form in the surfaces, such as an electron beam etching method. 
[0024]The processing under existence of nitrogen containing compounds, such as oxygen; 
acetone, organic acid, and other oxygen content compound; amine, is preferred for plasma 
treatment or a plasma polymerization. Ordinary pressure plasma treatment is also possible. 
[0025]When the substrate (S) comprises hydrophobic polymer (A), the molding method which 
carries out hydrophilization only of the surface at the time of shaping of polymer (A) can also be 
adopted. This can be carried out by the method of stiffening in the state where the hydrophilic 
surface of glass, water, etc. was made to contact for example. In this invention, the method of 
carrying out hydrophilization simultaneously with such shaping is also contained in the 
hydrophilization treatment said by this invention, 

[0026]This invention is enough as the hydrophilization treatment on the surface of a substrate 
(SX if hydrophilization only of the portion used as a liquid passage or the liquid passage part 
circumference is carried out, but it may be the whole field. 

[0027]As a hydrophilic group which carries out hydrophilization, for example A polyethylene- 
glycol group, a hydroxy! group, A sugar content group, an amide group, the nonionic hydrophilic 
group; carboxyl group like a pyrrolidone group, a sulfone group, the anionic hydrophilic group; 
amino group like a phosphate group, the cationic hydrophilic group like ammonium; the zwitter- 
ion group like amino acid residue, and a phosphate group / ammonium ion group, etc. are 
mentioned. Of course, it may be these derivatives, for example, N substitution product of an 
amino group, an amide group, ammonium, and a pyrrolidone group is mentioned. When 
transportation of a fluid uses it for the use driven in an electric field in these, as for the point 
which can make a liquid sending speed high to a hydrophilic group, it is preferred that it is an ion 
group, and it is preferred that they are a carboxyl group, a sulfone group, a phosphate group, and 
an ammonium ion group. 

[0028]As coating of hydrophilic polymer, the method of applying the solution of hydrophilic 
polymer of fusibility on a substrate is mentioned. As hydrophilic polymer of the fusibility which 
can be used, although polyhydroxy methyl methacrylate, ECHIEN/vinyl alcohol copolymer, 
sulfonation cellulose, sulfonation polysulfone, etc, are mentioned, for example, As hydrophilic 
polymer of fusibility, the polymer which has a hydrophilic group can be used into [ other than 
these ] a molecule. 

[0029]If the hydrophilic nature of hydrophilic polymer is too high when hydrophilic polymer has 
not carried out a chemical bond to a substrate, it tends to be eluted while hydrophilic polymer 
uses it As for hydrophilic polymer, in order to prevent this, it is preferred that it is crosslinked 
polymer. How to make it back-construct a bridge as a formation method of the crosslinked 
polymer layer of hydrophilic nature for example, after coating a linear polymer; after coating the 
crosslinking polymerization nature constituent containing the polymerization nature compound of 
hydrophilic nature, the method of carrying out crosslinking polymerization, etc. are mentioned. As 
a method of preventing being eluted while hydrophilic polymer uses it, the method of carrying out 



the graft of the hydrophilic polymer on the surface of a hydrophobic polymer layer is also 
mentioned. 

[0030]As the method of the surface ornamentation by a hydrophilic compound, For example, 
sulfonation by concentrated sulfuric acid, fuming sulfuric acid, persulfate, etc.; Nitric acid, 
Introduction of the amino group by nitration by fuming nitric acid etc., the formation of 
introductory; bromine, and substitution reaction of the amino group by the reduction and 
substitution reaction, an amide group, a hydroxy! group, a carboxyl group, etc., an amide group, a 
hydroxyl group, a carboxyl group, etc.; the photochemical reaction using azide etc., etc, are 
mentioned. 

[0031 ]The graft polymerization of the hydrophilic compound to the surface of a substrate (S) can 
be carried out after the corona treatment of a substrate (S), plasma treatment, radiation 
treatment etc. by the method using the method or interface photopolyrnerization contacted to 
the crosslinking polymerization nature compound of hydrophilic nature, 
[0032]Also in these, after coating the crosslinking polymerization nature constituent of 
hydrophilic nature, it is desirable by the reasons can form [ that a coating layer with thin method 
of carrying out crosslinking polymerization and method to which the surface is made to carry out 
the graft of the hydrophilic polymer can be formed easily, ] a crosslinked polymer layer. 
[0033]If the crosslinking polymerization nature compound of hydrophilic nature is the material 
which carries out crosslinking polymerization and can form the hydrophilic surface of 45 water 
contact angles or less, it is arbitrary, but Since an addition condensation nature compound has 
the quick rate of polymerization, it is desirable, and the compound which has a carbon-carbon 
double bond of polymerization nature is preferred, and it is still more preferred that it is an 
acrylic (meta) polymerization nature compound. In order for the crosslinking polymerization 
nature constituent of hydrophilic nature to carry out crosslinking polymerization, it is required to 
include the monomer and/or oligomer which have two or more polymerization nature functional 
groups in one molecule in the crosslinking polymerization nature constituent of hydrophilic 
nature. 

[0034]As a polymerization nature compound of the hydrophilic nature which has a polyethylene- 
glycol group, For example, phenoxydiethylene-gfycol (meta) acrylate, phenoxytetraethylene glycol 
(meta) acrylate, Phenoxyhexaethylene glycol (meta) acn/late, phenoxynonaethylene glycol (meta) 
acryfate, Phenoxy (polyethylene glycol) (meta) acrylate, methoxy triethylene gfycol (meta) 
acrylate, Methoxy tetraethylene glycol (meta) acrylate, methoxy nonaethylene glycol (meta) 
acrylate, Methoxy tetradecaethylene glycol (meta) acrylate, methoxy TORIE icosaethylene glycol 
(meta) acrylate, Methoxy polyethylene-gfyco! (meta) acrylate, diethylene-giycol mono- (meta) 
acrylate, Triethylene glycol mono- (meta) acrylate, tetraethylene glycol mono- (meta) acrylate, 
Nonaethylene glycol mono- (meta) acn/late, tetradecaethylene glycol mono- (meta) acrylate, 
TORIE icosaethylene glycol mono- (meta) acrylate, Polyethylene-glycol mono- (meta) acrylate, 
poly ethylene glycol di(metha)acrylate, methoxy diethylene-glycol (meta) acrylate, etc. are 
mentioned. 

[0035]As a polymerization nature compound of the hydrophilic nature which has a hydroxyl 
group, For example, 2-hydroxyethyl (meta) acrylate, 2Hiydroxy pro prius (meta) acrylate, 2- 
hydroxybuty! (meta) acrylate, 2-hydroxypentyl (meta) acrylate, 2-hydroxyhexyl (meta) acrylate, 
3-hydroxybutyl (meta) acrylate, 4-hydroxybutyl (meta) acrylate, GURISERORUJI (meta) acrylate, 
Triglycerol di(meth)acrylate, 2-hydroxy~3-phenoxypropylene (meta) acrylate, a 2-(meta) 
acryloyloxyethyl 2-hydroxyprop lifter rate, glycerol mono- (meta) acrylate, etc. are mentioned. 
[0036]As a polymerization nature compound of the hydrophilic nature which has sugar structure, 
For example, monosaccharide like glucose, galactose, and mannose and acryfate of these 
derivatives (meta); Malt sugar, Oligosaccharide like the disaccharide like cell biose, lactose, and 
sucrose, and acrylate (meta); SUKURO dextrin of these derivatives, and acrylate of these 
derivatives (meta); Polysaccharide like starch or heparin, and the acrylate of these derivatives 
(meta), **** is mentioned. 

[0037]As a polymerization nature compound of the hydrophilic nature which has an amide group, 
For example, acrylamide;N-ethyl(meta) acrylamide, N-n-propyl(meta) acrylamide, N-alkyl 
acrylamide;N-methy|-N-ethyl(meta) acr/tamide like N-isopropyl(meta) acrylamide and N- 



cyclopropyl(meta) acrylamide, N,N~dimethyl(meta) acrylamide, N,N-diethyl(meta) acrylamide, 
N,N-diaIkyl acrylamide;N-(meta) acryloyl morpholine like N-methyKNHsopropyf(meta) acrylamide 
and N-methyHN-n^propyl(meta) acrylamide, N~(meta) acryloyl pyrrolidine, N-(meta) acryfoyl 
piperidine, An N~vinyl-2-pyrrolidone, N-methylenebis acrylamide, N-methoxy propyl(meta) 
acrylamide, N-isopropoxy propyl(meta) acrylamide, N-ethoxypropyl(meta) acrylamide, N-1- 
methoxymethyl propyKmeta) acrylamide, NHmethoxyethoxy propyl(meta) acrylamide, N-1- 
methyl-2-methoxy ethyl(meta) acrylamide, N-methylHSI-n-propyl(meta) acrylamide, N-(1,3- 
dioxolane 2-yl) (meta) acrylamide, etc. are mentioned. 

[0038]As a polymerization nature compound of the hydrophiiic nature which has a carboxyl 
group, For example, 2-(meta) acryloyloxyethyl phthalic acid, 2-{meta) acryloyloxypropyf phthalic 
acid, 2~(meta) acryloyloxyethyl succinic acid, w-carboxycaprolactone mono- (meta) acrylate, 
etc. are mentioned. 

[0039]As a polymerization nature compound of the hydrophiiic nature which has a sulfone group, 
For example, sulfonic acid soda ethoxy methacrylate, sulfonic acid-2-methylpropane~2^ 
acrylamide, Styrene sulfonic acid, 2-acrylamido-2-methyl propane sulfonic acid, 2-acrylamide 2- 
phenylpropanesulfonic acid, acryloyloxyethyl (meta) sulfone sodium, (Meta) Acryloyloxyethyl 
sulfonic acid ammonium, allylsulfonic acid, metaliyl sulfonic acid, vinylsulfonic acid, styrene 
sulfonic acid, sulfonic acid soda ethoxy methacrylate, etc- are mentioned. 
[0040]As a polymerization nature compound of the hydrophiiic nature which has a phosphate 
group, mono- phosphorate (2-acryloyloxyethyl) and screw phosphorate (rnetacryioxy ethyl) are 
mentioned, for example. 

[0041] As a polymerization nature compound of the hydrophiiic nature which has an amino group, 
For example, dimethylaminoethyl methacrylate, N, and N-dimethyiaminoethyl (meta) acrylate, 
N,N™dimethylaminopropyl(meta) acrylamide, N.fsKscrew methoxymethyl) carbamyl oxy ethyl 
methacrylate, N-methoxymethyl carbamyl oxy ethyl methacrylate, N-(4-aminophenyl) maleimide, 
etc. are mentioned. 

[0042]As the monomer which has ammonium, and/or oligomer, For example, the 4th class of 
dimethylaminoethyl methacrylate ghost diary) dimethylannmonium, acryloyloxyethyl (meta) 
trimethylammonium chloride, acryloyloxypropyl (meta) trimethylammonium chloride, etc. are 
mentioned. 

[0043]Using independently can also mix two or more kinds, and it can also use the polymerization 
nature compound of such hydrophiiic nature, independent in the monomer and/or oligomer of 
many organic functions, in order to form the cross linked polymer — or what is necessary is to 
mix and just to use 

[0044]A water contact angle exceeds 45 degrees, as for the coat of the polymer (B) by which 
coating was carried out on the substrate (S), it is preferred that it is 65 degrees or more, and it 
is still more preferred that it is 75 degrees or more. Below 45 degrees, it is easy to produce 
horizontal ** and blot appearance of a fluid from a liquid passage, and use is difficult and since a 
water contact angle is in the tendency which swelling and the dimensional change of a coat tend 
to produce, it is not preferred. Although the maximum in particular of the water contact angle of 
a coat may not be limited but it may be 180 degrees, since it will be necessary to make the liquid 
passage bottom into stronger hydrophiiic nature in order to be stabilized and to pour a fluid if too 
high, it is preferred that it is 100 degrees or less, and it is still more preferred that it is 90 
degrees or less. 

[0045]The water contact angle of polymer (B) is the measured value in a molded product smooth 
in the surface, and, as for this molded product, it is preferred that it is what is depended on melt 
molding, Afthough the polymer thing in which melt molding is impossible has the good surface 
which consists of polymer (B) by the film formed by the solvent cast method and the 
polymerization on site also as a smooth molded product, iet it be the value measured on the 
surface of the side in contact with a gas in this case. 

[0046]The same thing as the material mentioned as polymer which can be used as hydrophobic 
polymer (A) as polymer which can be used as polymer (B) is mentioned. Polymer (B) may be the 
same as the polymer (A) used for the substrate (S), or may differ. As for polymer (B), it is 
preferred not to have basic groups, such as acidic groups, such as a carboxyl group, a sulfone 



group, and a phosphate group, an amino group, ammonium, and/or a hydroxy! group. When it has 
these bases, even if a stillness angle of contact with water is a thing which satisfies the 
requirements for this invention, an angle of sweepback tends to become small — since it 
becomes difficult to come out, and to be, and for the fluid which it began to see to be hard to be 
drawn in a liquid passage from a liquid passage once in the process of putting a fluid on a liquid 
passage etc., and to convey a fluid only using a liquid passage, it is not desirable. 
[0047]What is necessary is just to form a polymer (B) coat on a substrate (S) with the arbitrary 
coating methods which can carry out coating in addition to the portion which should serve as a 
liquid passage. As such a coating method, methods, such as screen-stencil, an ink jet; an 
applicator, a spin coat a roller coat, a bar coating machine, flow casting, and dipping, are 
mentioned, for example. When adopting the method by which coating is carried out to the whole 
surface, a liquid passage can be formed by using masking of the portion which should serve as a 
liquid passage, and the below-mentioned photo lithography. Also in these, print processes are 
methods that productivity is high and preferred, when forming an about 0.3-3-mnrv-wide liquid 
passage, but formation of a liquid passage thinner than it is qufte difficult The thin liquid passage 
of mum order can be formed by using photo lithography. The portions to which coating of the 
polymer (B) coat is carried out may be all the surfaces other than the portion which should serve 
as a liquid passage, and may be portions except structure parts, such as eye a liquid pool, 
besides a liquid passage, or may be portions of the shape of a bank which carries out 
fractionation of a liquid passage and other portions. 

[0048]The coat which consists of polymer (B) can be formed in the arbitrary state, such as a 
molten state, solution states, and a state of an unhardened polymerization nature compound. For 
example, when polymer (B) is crosslinked polymer, the coat which consists of polymer (B) by the 
coating of the polymerization nature compound which constitutes polymer (B), and 
polymerization on site can be formed. When forming the coat which consists of polymer (B) by 
the coating of an unhardened polymerization nature compound, and polymerization on site, it can 
pattern by photo lithography. As an unhardened polymerization nature compound, the energy-line 
hardenability compound (b) which can be used with the manufacturing method of this invention 
mentioned later besides thermosetting compounds, such as an epoxy resin, polyurethane, 
poiyamide, and polyirnide, can be used. On the contrary, polymer of an energy-line resolvable 
type is used as polymer (B), the portion used as a liquid passage is irradiated with an energy line, 
and a coat can also be formed in portions other than the portion used as a liquid passage by the 
method of developing. 

[0049] Polymer (B) may be a polymer blend and a polymer alloy. The coat which carries out and 
consists of polymer (B) may be a layered product of two or more layers. In this case, the raw 
materials of each class may differ. Various additive agents, such as a modifier, colorant, and an 
inorganic substance, can also be added in the coat which consists of polymer (B). 
[0050]As a modifier which can be added to the coat which consists of polymer (B), a silicone oil, 
fluoride substitution hydrocarbon, fluororesin powder which function as a hydrophobing agent 
(water repellent) are mentioned, for example. 

[0051] Arbitrary colors and paints, and a fiuorochrome are mentioned as colorant which can be 
added to the coat which consists of polymer (B). 

[0052]As an inorganic substance which can be added to the coat which consists of polymer (B), 
clay, calcium sulfate, calcium carbonate, etc. are mentioned, for example. 
[0053]The manufacturing method of the liquid-sending device of this invention according to 
claim 10, The surface to the hydrophilic surface of the substrate (A) which comprises the 
hydrophobic polymer by which hydrophilization was carried out Energy-line hardenability 
constituent (I) containing the energy-line hardenability compound (b) which has a carbon-carbon 
unsaturated double bond which can serve as a hydrophobic hardened material by energy-line 
exposure is applied to the 1-1 000-micrometer-thick range, After irradiating portions other than 
a portion with a width [ used as a liquid passage ] of 1-3000 micrometers with an energy line and 
stiffening an energy-line hardenability compound (b), it is a manufacturing method which removes 
unhardened energy-line hardenability constituent (I), and forms a grooved liquid passage. 
[0054]The energy-line hardenability compound (b) used with the manufacturing method of this 



invention, Polymerize with an energy line and a water contact angle preferably 45 degrees or 
more 65 degrees or more, Although polymer of 75 degrees or more may be generated still more 
preferably and radical polymerization nature, anionic polymerization nature, cationic 
polymerization nature, etc. are just arbitrary things, since the rate of polymerization is quick, the 
thing of addition condensation nature is preferred. The energyHine hardenabjlity compound (b) 
used with the manufacturing method of this invention may polymerize under the nonexistence of 
a polymerization initiator, and may polymerize only under existence of a polymerization initiator. 
[0055]As such an energy-line hardenability compound (b), the thing which has a carbon-carbon 
double bond of polymerization nature is preferred, and a reactant acrylic high (rneta) compound 
and the maleimide system compound hardened also under the absence of a photopolymerization 
initiator are [ inside ] preferred. 

[0056]As an acrylic system monomer (meta) which can be used as an energy-line hardenability 
compound (b), For example, ethyl (meta) acrylate, n-butyl (meta) acrylate, Hexyl (meta) acrylate, 
2-ethylhexyl (meta) acrylate, Phenyl (meta) acrylate, isobornyl (meta) acrylate, Dicyclopentanil 
(metha)acrytate, dicyclopentenyloxy ether (meta) acrylate, 3-rnethacryloxypropyl tris 
(trimethylsiloxy) Silang, Trifluoroethyl (meta) acrylate, tetrafluoropropyl (meta) acrylate, 
Octafluoro pentyl (meta) acrylate, heptadecafluorodecyl (meta) acrylate, Methyl-2~chloro 
acrylate, 3~chloro-2-hydroxypropyf (meta) acrylate, ****** monofunctional monomer; Diethylene 
GURIKORUJI (meta) acrylate, neopentyl glycol di(metha)acrylate, 1 ,6-hexanediol di(metha) 
acrylate, 2,2'-bis(4-{meth)acryloyloxy polyethyleneoxy phenyOpropane, 2 organicHxjnctions 
monomer like 2,2'-bis(4-(meta) acryloyl OKISHIPORI propyleneoxy phenyDpropane; TORIMECHI 
roll pro pantry (meta) acrylate, 3 organic-functions monomer; like trimethylolethane tri(metha) 
acrylate — 4 organicH\jnctions monomer; like pentaerythr+tol tetra (meta-) acrylate — 6 
organic-functions monomer like dipentaerythritol hexa (meta-) acrylate, etc. are mentioned, 
Th ese compounds can also be used independently, can mix two or more kinds and can also be 
used. 

[0057]moreover — as an energy-line hardenability compound (b) — weight average molecular 
weight — polymerization nature oligomer (called a prepolymer) of 500-50000 — an acrylic 
system oligomer (meta-) can also be used preferably. As an acrylic system oligomer (meta) 
which can be used as an energyHine hardenability compound (b), For example, the polyurethane 
resin etc. which have an acryfyi group (meta) are mentioned to the acrylic ester (meta) of an 
epoxy resin, the acrylic ester (meta) of polyether resin, the acrylic ester (meta) of a 
polybutadiene resin, and a molecular terminal. These oligomer can also be used alone, and two or 
more kinds of things can also be mixed and used for it, or they can also be used for it, mixing 
with a monomer It can rise [ of the coat which consists of hydrophobic polymers (B) ] by using 
together a monofunctional acrylic system monomer (meta). After diluting oligomer of a solid or 
hyperviscosity with a solvent at ordinary temperature, applying and drying a solvent, irradiating 
with an energy line is preferred. Since the use of oligomer of a solid or hyperviscosity can 
contact a photo mask at ordinary temperature, it is desirable when forming a thin liquid passage. 
[0058]As a monomer of a maleimide system which can be used as an energy-line hardenability 
compound (b), For example, maleimide, N-cyclohexylmaleimide, N-butylmaleimide, The 
monofunctional maleimide;4,4'-methylenebis like N-ethyl malei mide, N-methylmaleimide, and N- 
benzylmaleimide (N-phenylmafeimide), 2 organic-functions maleimide like 2,3-bis(2,4,5-trimethy! 
3Hjiienyl)maleimide, 1 ,6-bismaleimide hexane, and 1 ,2-bismaleimide ethane, etc. are mentioned. 
Of course, these maleimide system monomers can also be used independently, and two or more 
kinds can also be mixed and used for them. These maleimide system monomers can be mixed 
with other polymerization nature compounds, such as vinyl ether, an acrylic system monomer, 
oligomer, and they can also be used. 

[0059]In order to make high enough the intensity and hardness of a substrate which were 
formed, It is preferred that the hardened material of an energy-line hardenability compound (b), 
i.e., a hydrophobic polymer, (B) is the cross linked polymer, therefore, as for energyHine 
hardenability constituent (I) containing an energyHine hardenability compound (b), it is preferred 
to contain the monomer and/or oligomer of many organic functions. 

[0060]The photopolymerization initiator which can be added to energy-line hardenability 



constituent (I) if needed, Especially as (ong as it is possible to be activity and to polymerize an 
energy-line hardenabifity compound (b) to the energy line used by this invention, there may not 
be any restriction, for example, they may be a radicaf polymerization initiator, an anionic initiator, 
and a cationic initiator. As such a photopolymerization initiator, for example A p-tert- 
butyltrichloroacetophenone, The acetophenones like 2,2'-diethoxyacetophenone and 2-hydroxy- 
2-methy|-1-phenylpropan-1-one; Benzophenone, 4,4-bisdimethyf aminobenzophenone, 2-chloro 
thioxan ton, The ketone like 2-methylthio xanthone, 2-ethyl thioxan ton, and 2-isopropyl thioxan 
ton; Benzoin, Benzoin ether like benzoin methyl ether, benzoin iso-propyl ether, and benzoin 
isobuty! ether; the benzyl ketals like benzyl dimethyl ketal and hydroxycyclohexyfphenyl ketone 
are mentioned. 

[0061] Although a photopolymerization initiator can be used for energy-line hardenability 
constituent (I) in the state where it dissolved or distributed, it is preferred that it is what is 
dissolved in energy-line hardenability constituent (I). The photopolymerization initiator 
concentration in energyHine hardenability constituent (I) has 0.01 to 20% of the weight of a 
preferred range, and 0,5 to 10% of the weight of especially its range is preferred. 
[0062]In energy-line hardenabriity constituent (I), other ingredients can also be added in the 
state of the dissolution or un-dissolving. As other ingredients, a thickener, a modifier, a bulking 
agent, reinforcement, colorant, etc. are mentioned, for exampfe. 

[0063]A linear polymer meltable to for example, energy-line hardenability constituent (I) as a 
thickener which can be added to energyHine hardenability constituent (I); clay, zeolite, activated 
carbon, titanium oxide, oxidation aluminum, the inorganic powder like silica gel, etc. are 
mentioned. 

[0064]As a modifier which can be added to energy-line hardenability constituent (I), a silicone oil, 
fluoride substitution hydrocarbon, fluororesin powder which function as water repellents are 
mentioned, for example. 

[0065]As the filler which can be added to energyHine hardenability constituent (I), or a 
reinforcement, clay, zeolite, activated carbon, titanium oxide, oxidation aluminum, the inorganic 
powder like silica gel, etc. are mentioned, for example. 

[0066]Arbitrary colors and paints, and a fluorochrome are mentioned as colorant which can be 
added to energyHine hardenability constituent (I). 

[0067]There is no restriction in particular in the method of carrying out coating size enlargement 
of energy-line hardenability constituent (I). For example, printing of the extrusion; screen-stencil 
from the spreading; nozzle by coating machine, a spray, immersion, etc., an ink jet type, etc.; 
methods, such as patterning by an applicator, are mentioned. In applying energyHine 
hardenability constituent (I) thinly especially, after making energyHine hardenability constituent 
(I) contain a solvent and applying to it the method of volatilizing this solvent is also employable. 
As iong as the solvent in this case can dissolve energyHine hardenability constituent (I), it may 
be what kind of thing, but its high solvent of the necessity of drying the object after spreading to 
volatility is preferred. As such a solvent, for example Alcohols; acetone like methanol, ethanol, 
and propanol, ketone; like 2-butanone — ether; like diethylether — ester species; like ethyl 
acetate — hexane, the hydrocarbon; dichforomethane like toluene, the chlorinated solvent like a 
dichloroethane, etc. are mentioned. 

[0068]The coating thing which is not hardened [ of energy-line hardenability constituent (I) ] is 
stiffened by irradiating with an energy line portions other than a liquid passage and the portion 
which should change. 

[0069]If it is possible as an energy line to stiffen energyHine hardenability constituent (I), it will 
be arbitrary and ultraviolet rays, visible light infrared rays, an electron beam, X~rays, a gamma 
ray, etc. will be mentioned, but Ultraviolet rays, visible light and an electron beam are preferred 
from the field of handling nature or a cure rate, and especially ultraviolet rays are preferred. It is 
preferred to irradiate with an energy line in hypoxia concentration atmosphere in order to harden 
thoroughly by speeding up a cure rate. As a hypoxia concentration atmosphere, a vacuum or a 
decompressed atmosphere is preferred among a nitrogen air current a carbon dioxide air 
current and an argon air current. 

[0070]The method of irradiating portions other than the portion used as a liquid passage with an 



energy line is arbitrary, for example, an exposure garbage can be masked, and it glares or the 
technique of the photo lithography of scanning the beam of an energy line can be used, 
[0071]After hardening portions other than the portion used as a liquid passage, unhardened 
energy-line hardenability constituent (I) is removed. The removing method is arbitrary, and 
washing is preferred, although it washes and evaporates, and it blows away and methods, such as 
absorption and eradication, can be adopted. In order to stiffen thoroughly the boundary part of a 
hard spot and a non-hard spot, or since the hardness of a hard spot is increased further, after 
removing a non-hard spot, it can also irradiate with an energy line again. 
[0072]In the manufacturing method of this invention, other structures other than a liquid 
passage, for example, a pars basilaris ossis occipitalis, can also form simultaneously with a liquid 
passage fluid attaching parts which are hydrophilic nature, such as eye a liquid pool and a 
reaction vessel. 
[0073] 

[Examp!e]Hereafter, although this invention is explained still in detail using an example and a 
comparative example, this invention is not limited to the range of these examples. In the 
following examples, especially a "part" and"%", as long as there is no notice, a "weight section" 
and "% of the weight" are expressed respectively, 

[0074]The water contact angle was measured using the "CA-D type angle-of-contact meter" by 
republican science incorporated company. 

[0075] [Example 1] The water contact angle of the 200-micrometer-thick biaxial extension 
polystyrene sheet (made by Dainippon Ink & Chemicals, Inc.) was 77 degrees. Fuming-sulfuric- 
acid processing of this polystyrene sheet was carried out and the substrate (S~1) which has the 
surface of 1 7 water contact angles was obtained. 

[0076]As a hydrophobic polymerization nature compound (b), In one molecule, an average of 
three acrylyl groups. The mixture of 70 copies of urethane acrylate oligomer ("unHDIKKU V- 
4263" by Dainippon Ink & Chemicals, Inc.) and 30 copies of 1,6-hexanediol diacrylate (Nippon 
Kayaku "Kaya Rudd HDDA") which it has is used, Using "IRGACURE 184" (made by Ctba-Geigy) 
2 copy as an ultraviolet polymerization initiator, these were mixed uniformly and the energy-line 
hardenability constituent (1-1) was obtained. 

[0077]The line 0.3 mm in width, and 20 mm in length which should apply an energy-line 
hardenability constituent (1-1) to the whole substrate (S-1) by a 250-micrometer-thick bar 
coating machine, and should serve as a liquid passage on it, The square part (5 mm x 5 mm) 
which should become eye a liquid pool connected with the both ends of the line is comprised, All 
angles irradiated with the energy line of 20 mW / cm for 30 seconds using the light source unit 
for the multi-light 200 type exposure devices by USHIO, INC„ after installing the dumbbell type 
photo mask rounded off by 0.5mmR by the noncontact state. Some which were obtained have a 
masking part in the state where it does not harden, and the non-masking part had hardened. 
After carrying out washing removal of the non-hard spot using n-butanol, the liquid-sending 
device which has a grooved liquid passage 0.3 mm in width and 255 micrometers in depth was 
obtained by making it dry and irradiating the whole substrate (S) with the same ultraviolet rays 
as previously for 90 seconds further 

[0078]The water contact angle of the liquid pool part of the water contact angle of the surfaces 
other than the dumbbell type crevice of the surface of this liquid-sending device was 17 degrees 
78 degrees. 

[0079]Thus, the obtained liquid-sending device is installed horizontally in a humid box (box in 
which relative humidity was maintained to about 100%), When distilled water was put near the 
dumbbell type crevice using the pipette, while water was careful to the whole crevice, the water 
which rode on the hydrophobic section could also be drawn near to a crevice, and it changed 
into the state where water rode only on the dumbbell type portion. Then, when the filter paper 
absorbed and removed the water of one liquid pool part, distilled water moved to one liquid pool 
part through the liquid passage from the liquid pool part of another side, at this time, it is based 
on horizontal ** from a liquid passage, and dropHzation of a fluid — breaking off — it did not 
see. When phosphoric acid buffer solution (PBS) was used instead of distilled water and the 



same experiment was conducted, the same result was completely obtained. 
[0080][Example 2] what used and applied the energy-line hardenability constituent (M) to the 
unsettled polystyrene sheet used in Example 1 for the 50-micrometer-thick bar coating machine 
in the state where it was immersed into the 30% solution of hydroxyethyl methacrylate (made in 
Tokyo Chemicals, Inc.). After irradiating with the energy line of 20 mW / cm 2 for 120 seconds 
using the same energy-line irradiation equipment as Example 1, by rinsing and being air-dry, 
hydrophilization treatment was carried out and the substrate (S-2) was obtained. 
[0081]In Example 1, the liquid-sending device was obtained like Example 1 except having 
replaced with the substrate (S-1) and having used the substrate (S-2). 

[0082]Thus, as a result of measuring a water contact angle like Example 1 about the obtained 
liquid-sending device, the hydrophilization treatment part was 10 degrees and the other portion 
was 78 degrees. When the liquid-sending examination was done by the same method as Example 
1 using this liquid-sending device, the same result as Example 1 was obtained. 
[0083][Example 3] In Example 2, it replaced with the 30% solution of hydroxyethyl methacrylate, 
and the liquid-sending device was obtained like Example 2 except having used the 5% solution of 
hydroxyethyl methacrylate. 

[0084]Thus, as a result of measuring a water contact angle like Example 1 about the obtained 
liquid-sending device, the hydrophilization treatment part was 39 degrees and the other portion 
was 78 degrees. When the liquid-sending examination was done by the same method as Example 
1 using this liquid-sending device, about distilled water, the liquid was able to be sent like 
Exampfe 1. However, when there was much volume in a liquid passage enough in the case of a 
phosphoric acid buffer, the liquid has been sent, but when it decreased, liquid broke off, and the 
liquid was not sent thoroughly. 

[0085] [Example 4] In Example 2, it replaced with hydroxyethyl methacrylate and the liquid- 
sending device was obtained like Example 2 except having used sulfonic acid soda ethoxy 
methacrylate ("MS-2N" by Japan emulsifier incorporated company). 

[0086]Thus, as a result of measuring a water contact angle like Example 1 about the obtained 
Nquid-sending device, the hydrophilization treatment part was 7 times and the other portion was 
78 degrees. When the liquid-sending examination was done by the same method as Example 1 
using this liquid-sending device, the same result as Example 1 was obtained. 
[0087][Example 5] In Example 2, it replaced with hydroxyethyl methacrylate and the liquid- 
sending device was obtained like Example 2 except having used the 4th class of 
dimethytaminoethyi methacrylate ghost ("DQ-75" by Kyoeisha chemicals incorporated company). 

[0088]Thus, as a result of measuring a water contact angle like Example 1 about the obtained 
liquid-sending device, the hydrophilization treatment part was 12 degrees and the other portion 
was 78 degrees. When the liquid-sending examination was done by the same method as Example 
1 using this liquid-sending device, the same result as Example 1 was obtained. 
[0089][Example 6] In Example 2, it replaced with hydroxyethyl methacrylate and the liquid- 
sending device was obtained like Example 2 except having used mono- phosphorate (2™ 
acryloyloxyethyl) (made by Kyoeisha chemicals incorporated company). 

[0090]Thus, as a result of measuring a water contact angle like Example 1 about the obtained 
liquid-sending device, the hydrophilization treatment part was 8 times and the other portion was 
78 degrees. When the liquid-sending examination was done by the same method as Example 1 
using this liquid-sending device, the same result as Example 1 was obtained. 

[0091] [Example 7] In Example 6, as a hydrophobic polymerization nature compound (b), 30 copies 
of urethane acrylate oligomer ("uni-DIKKU V-4263" by Dainippon Ink & Chemicals, Inc.) which 
has an average of three acrylyl groups in one molecule, and cyclopenta nil diacrylate (the Nippon 
Kayaku make.) R-684) The liquid-sending device was obtained like Example 6 except having used 
the mixture of 70 copies. 

[0092]Thus, as a result of measuring a water contact angle like Example 1 about the obtained 
liquid-sending device, the hydrophilization treatment part was 8 times and the other portion was 
85 degrees. When the liquid-sending examination was done by the same method as Example 1 



using this liquid-sending device, the same result as Example 1 was obtained. 
[0093][Example 8] In Example 6, the liquid-sending device was obtained like Example 6 as a 
hydrophobic polymerization nature compound (b) except having used 100 copies of 4 
ethyleneoxide denaturation bisphenol A diacrylate ("BPE-4" by first industrial incorporated 
company). 

[0094]Thus, as a result of measuring a water contact angle like Example 1 about the obtained 
liquid-sending device, the hydrophilization treatment part was 8 times and the other portion was 
69 degrees. When the liquid-sending examination was done by the same method as Example 1 
using this iiquid-sending device, the same result as Example 1 was obtained. 
[0095][Example 9] In Exampfe 6, the liquid-sending device was obtained like Example 6 as a 
hydrophobic polymerization nature compound (b) except having used 100 copies of 10 
ethyleneoxide denaturation bisphenol A diacrylate ("BPE-10" by first industrial incorporated 
company). 

[0096]Thus r the hydrophilization treatment part was [ the other portion of the result of having 
measured the water contact angle like Example 1 about the obtained liquid-sending device ] 63 
degrees 8 times. When the liquid-sending examination was done by the same method as Example 
1 using this iiquid-sending device, and putting distilled water on a liquid passage part and the 
liquid passage was protruded and put the water which protruded the liquid passage was not 
drawn in a channel However, when distilled water was put so that a liquid passage might not be 
protruded using a syringe, the liquid was able to be sent like Example 1. 

[0097] [Example 10] In Example 3, the liquid-sending device was obtained like Example 3 as a 
hydrophobic polymerization nature compound (b) except having used 100 copies of 10 
ethyleneoxide denaturation bisphenol A diacrylate ("BPE-10" by first industrial incorporated 
company). 

[0098]Thus, as a result of measuring a water contact angle like Example 1 about the obtained 
liquid-sending device, the hydrophilization treatment part was 39 degrees and the other portion 
was 48 degrees. When the liquid-sending examination was done by the same method as Example 
1 using this liquid-sending device, and putting distilled water on a liquid passage part and the 
liquid passage was protruded and put the water which protruded the liquid passage was not 
drawn in a liquid passage. However, when distilled water was carefully put so that a liquid 
passage might not be protruded using a syringe, the same liquid-sending test result as Example 3 
was obtained. 

[0099][Example 11] The liquid-sending device which has an electrode was produced by using 
conductive carbon paste for two liquid pool parts of the liquid-sending device obtained in 
Example 2, and pasting up copper wire on them, respectively. 

[0100]When distilled water was put and the direct current voltage of 100 volts was applied to 
inter-electrode like Example 1 using this liquid-sending device, water moved to eye a liquid pool 
by the side of a minus pole from eye a liquid pool by the side of a plus pole. 
[0101][Example 12] The liquid-sending device which has an electrode was produced by using 
conductive carbon paste for two liquid pool parts of the liquid-sending device obtained in 
Example 4, and pasting up copper wire on them, respectively. 

[0102]When the liquid-sending examination by voltage drive was done like Example 11 except 
having used this liquid-sending device, the time which movement of tales doses of water takes 
was about 1/2 of Example 1 1. 

[0103][Example 13] The liquid-sending device which has an electrode was produced by using 
conductive carbon paste for two liquid pool parts of the liquid-sending device obtained in 
Example 5, and pasting up copper wire on them, respectively. 

[0104]When the liquid-sending examination by voltage drive was done like Example 11 except 
having used this liquid-sending device, the time which water moves to eye a liquid pool by the 
side of a plus pole from eye a liquid pool by the side of a minus pole, and movement of tales 
doses of water to Example 1 1 takes was about 1/2 of Example 1 1. 

[0105][Example 14] In Example 1, the liquid-sending device was obtained like Example 1 except 
not having used an ultraviolet polymerization initiator, using 100 copies of N-cyclohexylmaleimide 
(made by Tokyo Kasei Kogyo Co., Ltd.) as a hydrophobic polymerization nature compound (b). 



[0106]Thus, as a result of measuring a water contact angle like Example 1 about the obtained 
liquid-sending device, the water contact angle of the liquid pool part of the water contact angle 
of the surfaces other than a dumbbell type crevice was 17 degrees 81 degrees. Using this liquid- 
sending device, by the same method as Example 1, it was, when the liquid-sending examination 
was done, and the same result as Example 1 was obtained. 

[0107][Example 15] In Example 1, the liquid-sending device was obtained like Example 1 as a 
substrate (S) except having used the glass plate (slide glass). 

[0108]Thus, as a result of measuring a water contact angle like Example 1 about the obtained 
liquid-sending device, the water contact angle of the liquid pool part of the water contact angle 
of the surfaces other than a dumbbelf type crevice was 34 degrees 78 degrees. 
[0109]When the liquid-sending examination was done by the same method as Example 1 using 
this liquid-sending device, the same result as Example 1 was obtained. 

[01 10][Comparative example 1] on the unsettled polystyrene sheet used in Example 1, 100 
copies of 10 ethyleneoxide denaturation bisphenol A diacrylate ("BPE-10 by first industrial 
incorporated company), and ultraviolet polymerization initiator "IRGACURE 184" (made by Ciba- 
Geigy) The mixture of two copies is painted in thickness of about 1 micrometer using a spin 
coater, By irradiating with ultraviolet rays using the same light source as the light source used in 
Example 1, the surface water contact angle obtained the substrate (S - ratio 1) which is 48 
degrees. 

[0111]In Example 1, the liquid-sending device was obtained like Example 1 except having used 
the substrate (S - ratio 1) as a substrate (S). 

[01 12]Thus, as a result of measuring a water contact angle like Example 1 about the obtained 
liquid-sending device, the water contact angle of the liquid pool part of the water contact angle 
of the surfaces other than a dumbbell type crevice was 48 degrees 78 degrees. 
[0113]When the liquid-sending examination was done by the same method as Example 1 using 
this liquid-sending device, and it existed so that distilled water or phosphoric acid buffer solution 
rises from a paint film surface in a liquid passage, it was possible to have sent the liquid, but. 
When the volume in a liquid passage decreased, it became impossible for liquid to break off and 
send the liquid. On the other hand, when the fluid was placed to such an extent that it rose from 
the paint film surface in the liquid passage, liquid overflowed from the liquid passage. That is, 
control of the oil level was difficult for this device, and it was dramatically difficult to stabilize 
and send the liquid. 

[01 14] [Comparative example 2] It replaces with a hydrophobic polymerization nature compound 
(b) in Example 1, The liquid-sending device was obtained like Exampfe 1 except having used the 
mixture of 90 copies of 10 ethyleneoxide denaturation bisphenol A diacrylate ("BPE-10" by first 
industrial incorporated company), and ten copies of hydroxyethyl methacryiate (made in Tokyo 
Chemicals, Inc.). 

[01 1 5]Thus, as a result of measuring a water contact angle like Example 1 about the obtained 
liquid-sending device, the hydrophilization treatment part was 17 degrees and the other portion 
was 35 degrees. 

[01 16]The result of having done the liquid-sending examination by the same method as Example 
1 using this liquid-sending device, In putting distilled water on a liquid passage part, even if it put 
distilled water carefully so that a liquid passage might not be protruded using a syringe, the liquid 
passage tends to be overflowed and the water protruded once was not drawn in a liquid passage. 
The level in a liquid passage went up, and when it changed into the state of rising from a paint 
film surface, liquid overflowed from the liquid passage. That is, control of the oil level was difficult 
for this device, and it was dramatically difficult to stabilize and send the liquid. When distilled 
water was put on the crevice including a liquid passage and was put on it for about 1 hour, the 
periphery of the crevice became cloudy and swelling of a coat arose. In this state, the distilled 
water in a liquid passage was oozed and carried out out of the liquid passage. 
[0117] 

[Effect of the Invention]Without the fluid conveyed to substrates, such as silicon, quartz, and 
glass, conventionally formed the slot by etching as compared with elegance side-**(ing), it does 
not become a drop, but it is stabilized and the liquid-sending device of this invention can be 



conveyed As for the liquid-sending device of this invention, a substrate ingredient is not eluted 
into a fluid, without a substrate swelling. Since polymer can be used for a substrate, the liquid- 
sending device of this invention has unnecessary etching, and its productivity is high, and it can 
be manufactured cheaply. The liquid-sending device of this invention has further again the 
advantage that transporting speed is conventionally higher than elegance, when sending the 
liquid by electric drive by using the substrate which introduced the ion group and carried out 
hydrophilization of the surface. 



[Translation done.] 



